(19) 



(12) 



Europaisches Patentamt 
^All European Patent Office 

Office europeen des brevets ^i^) EP1114 612 A2 

EUROPEAN PATENT APPLICATION 

(51) int CI7: A61 B 5/12, A61 B 5/0484 



(43) Date of publication: 

11.07.2001 Bulletin 2001/28 



(21) Application number: 01300048.4 

(22) Date of filing: 04.01 .2001 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Smtts, Matthljs P. 


MC NL PT SE TR 


Woodside , CA 94062 (US) 


Designated Extension States: 


• Flaherty, Bryan P. 


AL LT LV MK RO SI 


Half Moon Bay , CA 94019 (US) 


(30) Priority: 07.01 .2000 US 479548 


(74) Representative: Beck, Simon Antony et al 


Withers & Rogers, 


(71) Applicant: NATUS MEDICAL, INC. 


Goldings House, 


San Carlos, CA 94070 (US) 


2 Hays Lane 




London SE1 2HW (GB) 



(54) Hearing evaluation device with noise detection and evaluation capability. 



CM 
< 
CM 
CO 



(57) An apparatus and method for evaluation of 
hearing loss is disclosed. The apparatus and method 
use evoked Auditory Brainstem Responses (ABR) to 
detemiine if the subject is able to hear clici< stimuli that 
are repeatedly administered. In order to facilitate effi- 
cient differentiation of the ABR from the accompanying 
noise, nomiative data is used to detect test conditions 
where physiological, non-physiological, and ambient 
acoustic noise would interfere with the progression of 
test. 
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Description 



Related Applications 

[0001 ] This application is related to the co-pending and commonly assigned U.S. Patent Application entitled "Hearing 
Evaluation Device with Patient Connection Evaluation Capabilities," attorney Doclcet No. 8668-2028, filed by Matthijs 
P. Smits, Vineet Bansal, Abraham J. Totah and Bryan R Flaherty and the U.S. Patent Application entitled "Hearing 
Evaluation with Predictive Capabilities," attorney Docl<et No. 8668-2027, filed by Matthijs R Smits and Christopher M. 
Coppin, the disclosures of which are hereby incorporated herein by reference. 

1. Field of the Invention. 



[0002] The present invention relates to devices and methods that use electroencephalographic responses to auditory 
stimuli to evaluate hearing loss. More particularly, the present invention relates to the detection and evaluation of 
excessive noise factors, thereby increasing the reliability and speed of such evaluation. 

2. Background of the Invention. 



[0003] In the past, hearing impaimient in babies and children was often not detected until after it was observed that 
the baby or child did not respond normally to sound. Unfortunately, it often took months or even years for the parent 
to observe the impairment, and by that time the child's language and learning abilities were negatively and often irre- 
versibly impacted. Indeed, recent studies indicate that the vocabulary skills of hearing impaired children markedly 
increases if their hearing loss is detected early The optimal time to evaluate for hearing loss is thus immediately after 
birth, both because early detection allows for early treatment, and because parents often fail to bring their infants for 
later appointments. As a result, a number of states have implemented programs to evaluate newborns for hearing loss. 
[0004] However, babies, especially newboms, cannot participate in traditional hearing tests, which require the subject 
to rndlcate if he or she hears the auditory stimulus. Thus, devices and methods have been developed to objectively 
detennine hearing loss, without the voluntary participation of the subject. One such method involves analysis of the 
involuntary electroencephalographic (EEG) signals that are evoked from a subject in response to an auditory stimulus, 
it has been found that when a subject is able to perceive a sound having particular characteristics, a specific EEG 
waveform known as an Auditory Brainstem Response (ABR) is generated. This ABR response signal is typically small 
m magnitude in relation to general EEG activity. Therefore, statistical and signal processing techniques have been 
employed and developed to help detect, to a pre-defined level of statistical confidence, whether an ABR response has 
m fact been evoked. ABR testing is especially applicable to evaluation of infants, but can be applied to any subject. 
[OOOS] The ABR that is evoked in response to the auditory stimulus may be measured by use of surface electrodes 
on the scalp or neck. As a practical matter, the electrodes will also detect noise signals from neural activity (besides 
the ABR), muscle activity, and non-physiological, environmental noises. Accurate detection of excessive noise, and 
excessive non-physiological noise, has thus been a challenge for those developing ABR evaluation tests, it would be 
especially advantageous to discern non-physiological noise, because such noise may be ameliorated or even elimi- 
nated (such as by moving or turning off an interfering device). 

[0006] The present Invention represents a major advance in the art because it allows for more accurate detection of 
excessive noise, and because it provides a method to detect non-physiological noise. 

3. Description of the Prior Art. 

[0007] Several techniques have been used to minimize the physiological noise in the EEG response from an auditory 
stimulus (see M. Don and C. Elberling, Evaluating Residual Background Noise in Human Auditory Brain-Stem Re- 
sponses, J. Acoust. Soc. Am. 96 (5), Pt. 1 : 2746-2757 (1994)), including signal averaging and weighted signal aver- 
aging, signal filtenng, artifact rejection, stimulus modification, targeted electrode placement, and various techniques 
designed to relax or sedate the subject. 

[0008] The prior art also details techniques that evaluate the current noise content In the averaged EEG response 
against a pre-set threshold, which represents a stopping criterion for the hearing loss evaluation. However, the prior 
art does not provide for the detection of excessive noise in relation to non-physiological noise sources or the use of 
normative data. 

[0009] The prior art also addresses some excessive acoustic noise issues by rejecting EEG responses if the ambient 
acoustic noise amplitude exceeds a certain pre-set threshold. Such ambient acoustic noise can be detected from a 
microphone placed on or near the earphones of the subject, and if it exceeds a predetermined voltage threshold, then 
EEG responses obtained at or nearthe time of excessive noisecan be rejected. Additionally, the ambient noise received 
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by the microphones can be filtered before analysis, to exclude noise that is unlikely to interfere with testing by masking 
the auditory click stimulus. 

4. Objects and Summary of the Invention. 

[0010] The present invention provides a device and method for use in analyzing the EEG signal evoked in response 
to an auditory click stimulus, to determine if the subject suffers from hearing loss. Broadly, the invention is directed to 
devices and methods that are capable of detecting excessive noise, based upon analysis using nommative data and 
using certain statistical techniques. This invention also is directed to devices and methods capable of detecting certain 
non-physiological noise, and detemiining when such non-physiological noise is excessive. Additionally, this invention 
allows for an improved detemiination of whether the ambient acoustic noise in the test site is excessive. 
[0011] In one embodiment of the invention, evoked EEG responses to auditory stimuli are collected, and organized 
into "sweeps." with each sweep containing the response signal for one auditory stimulus. The sweeps are organized 
Intoblocks, with each block containing a number of sweeps. 

[0012] The response signal for each sweep is digitized and converted into a series of binary numbers corresponding 
to whether the amplitude of the response signal is positive or negative at various points in time. The digitized, binary 
waveform is compared to a benchmark ABR wavefomi to determine if the ABR is present. To make this detemiination 
a polarity sum is calculated, which represents the sum of the polarities of the response signals at each measured point 
in time Statistical techniques are then used to determine if an ABR is present, relying upon the expected distnbution 
of polarity sums in the absence of an ABR. A "Pass" is triggered if the observed polarity sum distribution is determined 
to be statistically different, to a defined threshold, than that expected from random noise. After a certain number of 
blocks have been completed, the evaluation will cease if a "Pass" has yet not been triggered. Under such circumstances, 
the subject will be referred for further testing to determine if he or she in fact does suffer from heanng loss. 
[0013] In accordance with the present invention, evaluation may be paused if the noise contribution to the response 
signal exceeds a preset threshold, and therefore is deemed to be excessive. The preset threshold is preferably derived 
from an analysis with standardized normative data. The pause period allows the operator time to attempt to correct 
the excessive noise. Moreover, evaluation can also be paused If thecontribution of non-physiological noise is excessive^ 
One method of determining excessive non-physiological noise is to measure the extent to which the average sum of 
polarities deviates from chance, i.e., the extent to which the distribution of the average sum of polarities deviates from 
the distribution that would be expected. Another method of detemiining excessive non-physiological noise is to measure 
the difference between the mean and median EEG signal amplitude for a block of sweeps. If such deviation or difference 
is beyond a pre-set threshold (and therefore "excessive"), the evaluation may not only pause to allow the operator an 
opportunity to correct the problem, but the latest block of data may also be rejected. 

[0014] It may be desirable in some instances to alert the operator to the presence of non-physiological noise even 
if the noise is not deemed to be excessive. The operator could then attempt to ameliorate or even eliminate the noise, 
thereby increasing the efficiency of the test. The present invention therefore improves upon the pnor art through its 
methods of automatically detecting excessive noise, and by detecting an excessive non-physiological component in 

[OOlsT^he present invention also provides an improved device and method to determine if the ambient acoustic 
noise is excessive based upon signal energy, rather than noise amplitude, as commonly used in artifact rejection. 
[0016] As described below, the present invention makes extensive use of normative data. These nomnative data 
were derived from analysis of clinical data, and from computer simulations representing different testing conditions. 
Nonnative data have been used to develop the drawings described in the subsequent paragraph, and are thus repre- 
sentative of clinical and statistical (computer simulated) data that could be compiled by a person of ordinary skill in the 
art. 

5. Brief Description of the Drawings. 

[0017] Further features, elements, and advantages of the present invention will become apparent to a person of 
ordinary skill in the art in view of the following detailed description of a preferred embodiment of the present invention, 
made with reference to the drawings annexed, in which like reference characters correspond to like elements, and in 
which: 

Figure 1 illustrates a typical ABR wavefomn; 

Figure 2 illustrates a weighted ABR template; , w ■ • 

Figure 3 illustrates examples of typical symmetric 60 Hz noise and asymmetric 60 Hz monitor refresh pulse noise; 
Figure 4 illustrates excessive bias and noise detection thresholds as a function of signal noise and polarity bias. 
Figure 5 illustrates a bode plot of the hardware filtering for the ambient noise evaluation; and 
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Figure 6 is a block diagram of the coriiponents of the testing apparatus of the present Invention. 
6. Description of the Preferred Embodiment. 
* a. Overview 

b. Signal Analysis 

th, 500.400o;2 region. Z rVpam* " 
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[S"°Aner each block of sweeps, the summed polarity sequence X.for block t is summed with the other summed 
polar^ sequerices irito ar, array X. Also, the tot^ 
in each block: 



ft = 1,2 B 



[0029] The summed polarity sequence X is ther, compared with a template waveform, which has ^een comp J^^^^^ 
he use of normative data (see Fig.1). This template is comprised of M weighted points, strategically placed to match 
Te ypla ABR wavefom. (iie fl- 2). At each of the M points, a weight is assigned, reflecting the -portance and 
polarity of the given measure-^^Tent point in ascertaining the presence of an ABR, as derived rom nomiative data. Thus, 
for any given point m. the sum of the polarities would be x^. The sum °f.the weights equals zero. 
[0030] The present invention uses a test statistic z to aid in determining if an ABR is present This test statistic is 
defined as: 



Where N is the number of sweeps, p is the probability of positive polarity, q is the '^^^'^"J^^^J^'^.P;"^^ 
statistic z scores the random binary array X by multiplying its elements x„ at each template point m wrt^^^ 
Toondina weiaht iv and summing these results into a single, normalized number. Now. in the absence of an ABR. 
th'e peak^nlfe diSib'^on ^ z would remain at zero, while in the presence of an ABR. the test statistic would grow 

ror]%i;'crs^^^^^ 

hear may exhibit ABR waveforms at dtfferent times after the click stimulus. In order to compensate for this variability, 
the tersteSc z may be recalculated at various times. The highest z from each of these time-shifted samples z„,. 
can "jJand used to determine the presence of the ABR. In a preferred embodiment of the present invention, a 
oass is indicated when z„„^ reaches a value that is 4 standard deviations from zero. 

ra0321 AddWonly ft h^been found that the peak-to-peak amplitude of the ABR in normal-hearing bab.es vanes 
fSaby to Saby I expl^ below, the present invention accounts for this variability in ABR amplitude, by making 
conservative assumptions about the ABR amplitude of the subject who IS being tested. ,,iK,.ti„n «nH 

?0033] The present invention also discloses a method and apparatus for detecting excessive noise contnbution. and 
for detecting non-physiological noise and detemnining when such non-physiological noise is excessive 
[0034] Excessive (symmetric) noise detection is achieved by calculating the EEG signal vanance for each block of 
sweeps, defined as: 
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inthis equation. ri, T. and T..rethepre..ic.windowso,tirn^^ 

click, respectively. P„(t) represents the filtered microphone s^^ threshold the current 

ventional electronic means, e.g. digital -^P^^f sTgnal, a conventional microphone to 

erate the auditory stimulus, conventional electrodes ^° °f ^^^^7^;'='^^^^^ ^3^eh as a conventional microproc- 

or a keyboard, provide operator interface. „„„„r«t^<. thP click stimulus and EEG transducer 20 detects 

detects ambient noise, and this ambient acoustic signal ^^f/f^^^^^'^^^^^^^ data 70 is usedforboth 

embodiments, which are presented lor purposes of ir rshould be unde^tood that other .aiuee 

:rr;rrr:rser— ^^^^^^^^^^^^ 



1. A device for hearing evaluation of a subject comprising: 

means for repeatedly delivering auditory stimuli; ctimnii- «nd 

means for sampling electroencephalographic 7«P°"\^^^„^°//^^^^^^^ is present in said electroen- 

means for determining that no Auditory Brainstem Response ( ABR ) w^avefomi pres 
cephalographic responses. 

2. A system for hearing evaluation of a subject comprising: 

3. A device for hearing evaluation of a subject comprising: 

means for repeatedly delivering auditory stimuli; 

=ro;;==Axr:=rard':,:^^^^^^^ 

4. The device accordirrg to ciair, 3, wherein .he means ,or predating the. no ABR wiii be detected in said eiectron- 
cephalographic response comprises: 
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sTons:I"and '"^^"^^ °^ ^" ^ predetermined number of electroencephalographic re- 

5. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus- 

^ 7. *"»»>oa to, hearing evaluation Ota subject, oomprtsing the steps o,: 
repeatedly delivering audltoiy stimuli- 
sampling electroencephatographio ra^nsas to said stimuli and 

8. A method for hearing evaluation of a subject, comprising the steps of: 

repeatedly delivering auditory stimuli- 

sanipling electroencephalographic responses to said stimuli- and 

pred,ct,ng that no ABR will be detected in said electroencephaTographIc responses. 

9. A method of evaluation for hearing loss which comprises the steps of: 

repeatedly delivering auditory stimuli to a subject- 

digitizing said electroencephalographic responses- 

rs-s:rs— ti— ^^^^ 
:rrCaXrporsVa:aCforsSs2^^^^^^^^ 

calculating an expected mean value of z - 

j=£-SSH~^~= 

11. The method acco,dlng,oo,almtO,^s.eln the expeoted moan va,„ae,^.den.ed,„m normative data. 
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12. The method according to claim 11 , further comprising the steps of: 

SSS:c:SrS~e ra^o in calculating the expected mean vaiue of 

13. The method according to claim 12. further comprising providing the prcdetem^ined threshold as -1 .3. 

14. A method of evaluation for hearing loss which comprises the steps of: 

each point in time; 

ss:idd^-™^--^^ 

to the pdarfty of the amplrtude of said electroencephalographic responses; 
transfomiing said binary numbers into an array of polanty sums; 
calculating a test statistic based upon sa.d array of polanty sums, and 
determining the presence of adverse evaluation conditions by analysis of sa.d test statefc z„«. 
15 ThemethodaccordingtoclaimU.whereinthestepofdetem^iningthepresenceofadverseevaluationconditions 
by analysis of said test statistic z^^^compHses: 
calculating an expected mean value of z^^^, 

threshold. 

16. The method according to claim 1 5. wherein the expected mean value of z_ is derived from nom^ative data. 

17. A method of evaluation for hearing loss which comprises the steps of: 

each point in time; 

to the polarity of the amplitude of said electroencephalographic responses; 
transforming said binary numbers into an array of polanty sums; 



statistic z-,. 



18 Themethodaccordingtoclaim17,whereinthestepofpredictingthatnoABRwillbedetect^^^^^^^^ 
lumber of electroencephalographic responses by analysis of the test statistic z^ comprises. 

calculating an expected mean value of z^^, 

■ ,.,ith -itc ovnpr-tPd mean value by using a distance factor; and 

rdSmrn:ABLTpT:a.Z:^rapLe,e^^ 
When the difference factor is below a predetenmined threshold. 

19. The method according to claim 1 8. wherein the expected mean value of z„« Is derh^ed from nom,ative data. 

20. The method according to claim 19. additionally comprising the steps: 

;^;S^t;oise ra«o in calculating the expected mean value of z^. 

21 . The method according to claim 1 7. further comprising providing the predetermined threshold as -1 .3. 
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22. A method for detecting an evoked response, comprising the steps of: 
delivering stimuli; 

sampling responses to said stimuli- and 

predicting that said responses do not contain said evoked response. 

'° determining the statistical distribution of said responses- 

comparing said probability to a predetemiined threshold. 
<^ 24. A method for detecting an evoked response, comprising the steps of: 

delivering stimuli; 

sampling responses to said stimuli; and 
^ predicting that said responses contain said evoked response. 

determining the statistical distribution of said responses- 

comparing said probability to a predetemiined threshold. 
26. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject- 

digitizing said electrosncephalographic responsss 

trans orming said binary numbers into an array of polarity sums- 

27. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject- 

digr:grr:s:s:;:r;™ 

calMaling a lesi statistic based upon said signal parameter and 

a^S s^d^t^ "° ~ ^ e^r„encep.a,og™p.,c response ^ 
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FIG. 3B 
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(57) An apparatus and method for evaluation of 
hearing loss is disclosed. The apparatus and method 
use evoked Auditory Brainstem Responses (ABR) to 
detennine if the subject is able to hear click stimuli that 
are repeatedly administered. In order to facilitate effi- 
cient differentiation of the ABR from the accompanying 
noise, nomiative data is used to detect test conditions 
where physiological, non-physiological, and ambient 
acoustic noise would interfere with the progression of 
test. 
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